ABSTRACT Current research was conducted to estimate heritability and genetic correlations for carcass composition and fat deposition in Japanese quail at 42 and 91 d of age. Studied traits were BW at 42 and 91 d of age (BW42, BW91), carcass weight and percentage, breast meat weight and percentage, thigh weight and percentage, abdominal fat weight and abdominal fat percentage (AFP), skin weight and skin percentage (SP) as a measure of subcutaneous fat, and the percentage of breast intramuscular fat (IFP). Genetic parameters were estimated by restricted maximum likelihood using ASREML software. The heritability estimates of BW and the weight of carcass traits were higher (from 0.45 for BW42 to 0.63 for breast meat weight) than the percentage of carcass traits (from 0.11 for thigh percentage to 0.19 for breast meat percentage). The heritability estimates for SP, AFP, and IFP as fat deposition tissues were 0.17, 0.26, and 0.20, respectively. There were high genetic correlations between BW42 with the weight and percentage of carcass components (from 0.65 to 0.98). Body weight at 42 d of age also showed positive genetic correlations with skin weight and SP (0.80 and 0.23, respectively), abdominal fat weight and AFP (0.44 and 0.21, respectively), and IFP (0.28). A positive genetic correlation between SP and AFP (0.51) was observed. Present results indicated that the percentage of breast intramuscular fat is a heritable trait and selection for increasing BW and decreasing abdominal and subcutaneous fats will improve carcass composition and breast meat quality in Japanese quail. In addition, selection against abdominal and subcutaneous fat does not change intramuscular fat and the quality of breast meat.
INTRODUCTION
Japanese quail (Coturnix coturnix japonica) is one of the smallest birds used for its egg and meat production (Shokoohmand, 2008) . The BW of a bird is a function of the size of its component parts. Some component parts are edible, whereas others are waste products. The profitability of the poultry meat production is determined by considering the possibilities of the increase in the prime parts proportion, especially breast muscle and the decrease in abdominal fat (Griffin, 1996) . Nowadays, regarding the vast majority of poultry cutup market, yields of high-value items, such as breast and boneless filet, have become critical to processors (Young et al., 2001) . The main focus for selecting the commercial meat-type poultry, mainly breast meat (Pollock, 1997) , has been much more intense for carcass traits, as a consequence of a world trend for the largest consumption of chicken meat being in parts (Fleming et al., 1999) .
To establish a breeding program to improve carcass composition in Japanese quail, it is essential to estimate the genetic parameters of BW and carcass traits. The scale of genetic parameters indicates the improvement dimension through the selection process (Falconer and MacKay, 1996) . According to heritability of carcass traits (ranging from 0.08 to 0.55) estimated in many studies, carcass composition in Japanese quail can be significantly improved through selection (El-Fiky et al., 1994; Vali et al., 2005; Khaldari et al., 2010) . Intensive selection for growth in poultry has increased the growth rate, but rapid growth has been caused several negative consequences, including an increase in fat deposition (Griffin, 1996) . Abdominal and subcutaneous fats are being regarded as the main sources of waste in birds (Griffiths et al., 1978; Becker et al., 1981) . Because abdominal fat is highly correlated (0.6 to 0.9) with the total carcass fat, it is used as the main criterion reflecting excessive fat deposition in birds (Cham-bers, 1990 ). Havenstein et al. (2003) found that fat in broilers (at 43 d of age) accounts for as much as 10 to 15% of total carcass weight and can be genetically decreased. Although abdominal and subcutaneous fat are unfavorable traits, intramuscular fat percentage (IFP) has become an important indicator of meat quality and plays a critical role in fresh meat consumers' satisfaction (NPPC, 1995) . Previous studies showed that IFP is associated with the flavor of pork (Van Oeckel et al., 1999; Schwab et al., 2006) and the juiciness of beef, as detected by taste panelists (Thompson, 2004) . In a swine selection program, genetic selection for IFP has been used to improve meat quality (Suzuki et al., 2005a,b) . Intramuscular fat also plays an important role in the quality of chicken meat (flavor and juiciness; Chizzolini et al., 1999; Chen et al., 2005) . Zhao et al. (2007) reported that selection for IFP leads to desirable changes in meat quality and carcass components in a Chinese quality chicken line. The objective of the present study was to estimate genetic parameters for BW and carcass traits at 42 and 91 d of age and to focus on the genetic relationship of fat deposition traits with BW and carcass traits in Japanese quail.
MATERIALS AND METHODS

Quail Population and Data Collection
A Japanese quail population was used to estimate the genetic parameters of BW and carcass traits at 42 and 91 d of age. In 2009, the base population, consisting of 300 quail (100 male and 200 female birds), was transported from the animal research station of the University of Tehran, Iran, to the poultry research station of Gorgan University of Agricultural Sciences and Natural Resources (Gorgan, Iran). In the first generation, 96 male and 192 female birds were randomly selected from the base population and 1 male with 2 females were assigned to each cage. Birds were fed on a diet containing 20% CP and 3,000 kcal ME/kg. The temperature of the hen house was around 20°C and lighting was available for 15h per day (from 0600 until 2100 h). Each collected egg was numbered, according to its sire and dam. The dams of the eggs in each cage were identified according to the specific patterns of the egg surface and, therefore, a full pedigree was available for each egg. Collected eggs were stored in a room with a temperature of 13 to 16°C and relative humidity of 70%. Every 7 d, collected eggs were antisepticized with formaldehyde, placed in the setter for 14 d, and then were transferred to the hatchery for 3 d. To set a pedigree, the hatchery was equipped with separated boxes according to the number of parents. Chicks of hatched eggs from each sire and dam were marked and moved to the heated rearing house with a temperature of 35 to 36°C. The temperature was decreased weekly by 3°C until 20°C was reached. According to the National Research Council (NRC, 1994), a diet containing 24% CP and 2,900 kcal of ME/kg was used during the period of growth (i.e., for the first 6 wk). Feed and water were supplied ad libitum and lighting was available for 24 h throughout the experiment. More than half of the birds (n = 1,589) were slaughtered at 42 d of age, the rest (n = 1,272) were reared up to 91 d of age and slaughtered afterward. The birds were exposed to 6 h of feed withdrawal before the slaughter. After the slaughter and removing feathers, head, lungs, liver, kidneys, gastrointestinal tract, and abdominal fat, carcass traits were measured in chilled carcasses. Studied traits consisted of BW at 42 d of age (BW42), carcass weight and percentage (CW, CARP), breast meat weight and percentage (BMW, BMP), and thigh weight and percentage (TW, TP). Abdominal fat weight and percentage (AFW, AFP), skin weight and percentage (SW, SP), and the percentage of breast intramuscular fat (IFP) were recorded at 42 d of age. Body weight (BW91), CW, CARP, BMW, BMP, TW, and TP were also recorded at 91 d of age. The percentages of carcass traits were expressed related to the live BW. The subcutaneous fat mainly determines the SW. Therefore, SW and SP were considered as indicators of subcutaneous fat weight and percentage (Zerehdaran et al., 2004) . The intramuscular fat content of a small sample of breast muscle (i.e., pectoralis minor) was measured by means of extraction in a Soxhlet apparatus with petroleum ether (AOAC, 1990) and IFP was calculated accordingly. Before performing chemical analysis for IFP, the sample of breast muscle was obtained after removing any visible fat surrounding and lying between muscles (Ricard et al., 1983) . Because of experimental limitations, the IFP of 691 birds were measured.
Genetic Analysis
Descriptive statistics, including the test for normality and significance of fixed effects, were obtained using the univariate and general linear model (GLM) procedures of SAS (SAS Institute, 2001 ). The following model was used:
where Y ijk is an individual observation for trait Y, µ is the value of the mean, s i is the fixed effect of the ith sex (i = 1 for female and 2 for male), h j is the fixed effect of the jth week of hatch (j = 1, 2, . . . , 18), and e ijk is the random residual effect.
A genetic analysis was carried out using the records of offspring generated from 96 sires and 192 dams. An animal model was used to estimate the genetic parameters of the studied traits.
where Y ijkl is the performance of each bird, µ is the value of the mean, s i is the fixed effect of the ith sex (i = 1 for female and 2 for male), h j is the fixed effect of the jth week of hatch (j = 1, 2, . . . , 18), a k is the ran-dom direct genetic effect of the kth individual, and e ijkl is the random residual effect. The same model was used for all traits. Univariate and bivariate analysis were used to estimate heritability, genetic and phenotypic correlations among all combinations of traits. Estimated parameters were obtained using average information algorithm spatial analysis of field experiments residual maximum likelihood (ASREML) software (Gilmour et al., 2000) .
RESULTS
Description of Traits
The statistical description of BW and carcass traits at 42 and 91 d of age are presented in Tables 1 and 2, respectively. Due to missing data, the number of observations varied among traits. The magnitude of the deviation from normality was investigated and all traits were found to be normally distributed.
At 42 d of age, significant effects of the sex of the birds and the week of hatch were observed for all traits. While the average values for BW42 and the weight of carcass traits (CW, BMW, TW, SW, and AFW) were lower in males compared with females, the average percentages of carcass traits (CARP, BMP, TP, SP, and IFP), except AFP, were higher in males compared with females. The average value for BW42 was 232.4 g and the average percentages of CARP, BMP, SP, AFP, and IFP were 59.1, 24.1, 5.2, 0.8, and 8.0, respectively.
At 91 d of age, significant effects of the sex of the birds and the week of hatch were observed for all traits.
The average values for BW91 and the weight of carcass traits (CW, BMW, and TW) were lower in males than females, whereas the average percentages of carcass traits (CARP, BMP, and TP) were higher in males than females. The average value for BW91 was 270.6 g and the average percentages of CARP, BMP, and TP were 54.0, 23.7, and 13.3, respectively.
Genetic Parameters
The genetic parameters of BW and carcass traits at 42 and 91 d of age are presented in Tables 3 and 4 , respectively. At 42 d of age, heritability estimates for BW and the weights of carcass traits were higher (from 0.28 for AFW to 0.63 for BMW) than the percentages of carcass traits (from 0.11 for TP to 0.26 for AFP). Heritability estimates for SP, AFP, and IFP, as fat deposition traits, were 0.17, 0.26, and 0.20, respectively. There were high genetic correlations between BW42 and the weights and the percentages of carcass traits (from 0.21 to 0.98). Genetic correlations of BW42 with the weight and the percentage of the skin (0.80 and 1 BW42 = BW at 42 d of age; CW = carcass weight; CARP = carcass percentage; BMW = breast muscle weight; BMP = breast muscle percentage; TW = thigh weight; TP = thigh percentage; SW = skin weight; SP = skin percentage; AFW = abdominal fat weight; AFP = abdominal fat percentage; IFP = intramuscular fat percentage of breast (pectoralis minor).
2 In the analysis, differences between females and males were shown as sex effects.
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. 2 In the analysis, differences between females and males were shown as sex effects.
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. 
DISCUSSION
The mean value of carcass percentage at 42 d of age in Japanese quail (59.1%) was lower than those report- Table 3 . Estimated heritabilities (diagonal, in bold), genetic (above diagonal), and phenotypic (below diagonal) correlations with their approximate SE (in parentheses) of carcass and fat deposition traits of Japanese quail at 42 d of age ed in broilers at 42 (Zerehdaran et al., 2004) and 90 d of age (Zhao et al., 2007) . Whereas Japanese quail reaches full sexual maturity within 5 to 6 wk of age (Viglietti-Panzica et al., 1992; Balthazart and Ball, 1997) , maturity in broilers is most often seen after 22 wk of age (Goliomytis et al., 2003) . Therefore, the weight of reproductive organs related to BW in Japanese quail is higher than in broilers at 42 d of age and consequently, carcass percentage will be lower in Japanese quail. The mean AFP in Japanese quail (0.8%) was lower than in broilers at 42 d of age, whereas the SP in Japanese quail (5.2%) was higher than in broilers at the same age (Zerehdaran et al., 2004) . Abdominal fat is the largest adipose tissue in broilers (Leenstra, 1986; Griffin, 1996) . Although subcutaneous fat was not separately measured, it seems the size and importance of subcutaneous fat is more than abdominal fat in Japanese quail. The reason behind the importance of subcutaneous fat is that the Japanese quail is a flying bird. Boswell et al. (1993) reported a visible increase in the size of subcutaneous fat in European quail during migration and described that subcutaneous fat is the main source of energy in migrating birds. Piersma et al. (1999) also showed that subcutaneous fat contributes, on average, 71.0% of total body fat in flying birds, whereas the contribution of fat in the abdominal cavity (the abdominal fat layer, plus the fat surrounding the intestines) is about 14.2%. The average percentage of breast muscle (24.1%) and the IFP (8.0%) in Japanese quail at 42 d of age were higher than those reported in broilers at 42 (Zerehdaran et al., 2004) and 90 d of age (Zhao et al., 2007) . It was reported that breast makes up a considerable part of the carcass in Japanese quail (Vali et al., 2005; Khaldari et al., 2010) . It is an advantage, because breast meat is favorable for customers. In addition, the quality of breast meat in Japanese quail is higher than in broilers, due to a higher IFP (Shokoohmand, 2008) . The higher IFP in Japanese quail refers to the flying behavior of these birds. Flying birds need huge sources of energy to overcome the gravity and intramuscular fat is the major energy source used during flight (Price, 2010) . Although the mean values of BW and weights of carcass components were higher in females compared with males, the percentages of carcass components were higher in males compared with females. Sex differences for carcass traits in Japanese quail have already been reported for values of breast, thigh, and abdominal fat (Caron et al., 1990; Yalçin et al., 1995) . Present results are also in agreement with the results of other studies that have previously reported higher carcass yield in males compared with females in Japanese quail (Minvielle et al., 2000; Vali et al., 2005; Saatci et al., 2006; Shokoohmand et al., 2007; Khaldari et al., 2010; Narinc et al., 2010) . Large reproductive organs in females, such as ovaries and oviducts, appear to be the main reasons behind higher BW in females than males (Marks, 1993) . The mean AFP was higher in females than that in males at 42 d of age. In females, compared with males, the increase in AFP is greater (Fisher, 1984) . Leenstra (1986) also found that between 3 and 10 wk of age, fat percentage increases from 10 to 19% in females, whereas it increases from 10 to 13% in males. The mean SP and IFP were higher in males than females. There is no clear explanation for the difference between sexes for these traits, but more flying activities in males could be involved. Le Bihan-Duval et al. (1998) demonstrated that greater competition between males, different nutritional needs, and greater effects of hormones on fatness were the reasons behind differences between the sexes.
The effect of hatch was significant for all traits at 42 and 91 d of age. Mean values of studied traits were higher in birds with older mothers than those with younger mothers. Peebles et al. (1999) found that older hens, compared with younger hens, lay larger eggs that hatch into larger chickens and egg weight and hatching weight of chickens is correlated to final BW and carcass traits. Mean percentages of carcass, breast muscle, and thigh were lower than those reported in previously published studies (Vali et al., 2005; Khaldari et al., 2010) . In these studies, quails were slaughtered at younger ages before sexual maturity.
Heritability estimates for BW and carcass traits at 42 and 91 d of age were moderate to high. This means that phenotypes of the studied traits are considerably associated with additive genetic effects (Prado-González et al., 2003) and improvement in carcass components is feasible through genetic selection. Current estimates of heritability for BW (0.45), CARP (0.12), BMP (0.19), and TP (0.11) at 42 d of age were close to those in a previously published study on Japanese quail (Vali et al., 2005) . Heritability estimates for CW and BMW at 42 d of age (0.59 and 0.63, respectively) were higher than those reported in similar research (Khaldari et al., 2010) . Heritability for a particular trait can take different values according to the population, environmental conditions, and the method of estimation (Falconer and MacKay, 1996) . Moderate heritabilities were estimated for fat deposition traits, including SP, AFP, and IFP, at 42 d of age. Although, no heritability estimates were found for these traits in Japanese quail, moderate to high heritability estimates were reported in broilers (Griffin, 1996; Le Bihan-Duval et al., 1998; Rance et al., 2002; Zerehdaran et al., 2004 Zerehdaran et al., , 2005 . It was shown that fat deposition traits in birds are heritable and can be effectively decreased through genetic selection (Leenstra, 1986; Chambers, 1990; Griffin et al., 1991; Le Bihan-Duval et al., 1998; Rance et al., 2002) .
High genetic correlations were observed between BW and carcass components at 42 and 91 d of age. It indicates that common genes are involved and selection for BW will improve the weights and percentages of carcass components. Previous reports showed high genetic correlations between BW and carcass components in Japanese quail (Minvielle et al., 2000; Vali et al., 2005; Shokoohmand et al., 2007; Khaldari et al., 2010) and in broilers (Zerehdaran et al., 2004; Gaya et al., 2006) . Body weight at 42 d of age also showed positive genetic correlation with the weights and percentages of fat deposition traits. It was in agreement with previously published studies (Chambers, 1990; Le Bihan-Duval et al., 1998 , 2001 Deeb and Lamont, 2002; Zerehdaran et al., 2004 ) that had reported that selecting higher BW will increase fat deposition in broilers. A positive genetic correlation was found between subcutaneous and abdominal fat percentages. Evans (1977) found that abdomen and skin store the major part of body fat in poultry and are highly correlated. Although genetic correlations between the percentages of carcass and breast muscle with the IFP (−0.33 and −0.44, respectively) and between the percentages of subcutaneous and abdominal fat with the IFP (−0.41 and −0.26, respectively) were negative, their standard errors of estimation were high. Therefore, genetic correlations between these traits were considered to be close to zero. No genetic relationships were observed between abdominal and subcutaneous fat with intramuscular fat in broilers (Zerehdaran et al., 2004) . Cahaner et al., (1986) reported that considerable changes in the size of adipose tissues will not lead to considerable changes in intramuscular fat. Zhao et al. (2007) showed that after 5 generations of selection for intramuscular fat, AFP remained constant. It is also reported that selection for decreased abdominal and subcutaneous fats does not change intramuscular fat content of the breast in broilers (Zerehdaran et al., 2004) . Therefore, selection for increased BW and decreased abdominal and subcutaneous fats will improve carcass composition and breast meat quality in Japanese quail.
The genetic correlation between BW and BMP at 42 d of age was higher than the same correlation at 91 d of age, whereas the genetic correlation between BW and TP at 42 d of age was lower than the same correlation at 91 d of age. This indicates that growth at 42 d of age is more related to the BMP, but at 91 d of age, it is more related to the TP. It was similarly reported that genetic correlation between BW and BMP at younger ages is higher than the same correlation at older ages in broilers (Zerehdaran et al., 2005) .
Conclusions
Breast makes up a considerable part of the carcass in Japanese quail and due to the higher IFT, the quality of breast meat in Japanese quail is higher compared with that in broilers. No other study has examined the genetic parameters of fat deposition, especially the breast intramuscular fat, in Japanese quail. Present results indicate that the IFT is a heritable trait and selection for increased BW and decreased abdominal and subcutaneous fats will improve carcass composition and breast meat quality in Japanese quail. In addition, selection against abdominal and subcutaneous fats does not change intramuscular fat and the quality of breast meat.
